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18th International Refrigeration and Air Conditioning Conference at Purdue, May 24-28, 2021 

   
 

Figure 3: Predicted COPGas as function of PLR (Left) and ambient temperature (Right) for TReturn = 37°C 
 
The electricity use of the GAHP was modeled using a simple approach, defining the consumption of the outdoor unit 
as 2.7% of the heat delivered and the pump energy as 1% of the heat delivered, both consistent with field 
measurements. The supply temperature setpoint for the GAHP followed an outdoor air temperature reset for space 
heating, summarized in Table 4. The supply water temperature setpoint was fixed at 54.4°C for hot water recovery, to 
meet the mid-tank setpoint target of 51.7°C. The balance of the EnergyPlus model, e.g., tank and water heating coil 
heat transfer effectiveness, was tuned to achieve a typical return water temperature of ~40.5°C, as observed at the field 
demonstration sites. For each location and building type, the rated heating capacity of the GAHP was auto-sized to 
better match the other HVAC scenarios which were all auto-sized by BEopt and to ensure that the GAHP could meet 
the peak heating load over the course of the year. This capacity was determined by dividing the maximum observed 
hourly heating load by the output of the CAPFT function at the corresponding outdoor dry bulb temperature and an 
assumed return water temperature of 37°C. The minimum rated capacity of the GAHP was fixed at 13.2 kW to ensure 
that there was enough capacity to meet the DHW demand. Economic and environmental assumptions are shown in 
Table 5 (SEEAT, 2019). 

 
Table 4: Outdoor air temperature reset strategy  

 
Ambient Dry Bulb Temperature, °C Supply Water Temperature, °C 

12.7 or above 43.33
12.7 to -20.6 Linear curve fit based on end points 

-20.6 or below 51.67
 

Table 5: Economic and environmental assumptions by region, based on EIA and US EPA Data (SEEAT, 2019) 
 

Location 
Gas Winter 

Price 
($/Therm) 

Annual Average 
Electricity Price 

($/kWh) 

Electric Grid CO2e* 
(kg/MWh) 

Gas CO2e Emissions 
(kg/MWh) 

Chicago $         0.76 $                 0.125 972 

230 

Denver $         0.69 $                 0.121 912 

Fargo $         0.67 $                 0.102 959 

Louisville $         0.98 $                 0.105 908 

Minneapolis $         0.77 $                 0.127 959 

Philadelphia $         0.98 $                 0.139 770 

Portland $         1.10 $                 0.107 818 

Rochester $         1.05 $                 0.176 599 

San Francisco $         1.14 $                 0.174 562 

*Non-baseload (marginal) power plants 
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Energy Star® Water Heater Market Profile

Lab Testing of Tankless Water Heater Systems

Modeling Modern, Residential, Combined Space 
and Water Heating Systems Using EnergyPlus

Experimental Evaluation of Low-Cost Gas Heat Pump 
Prototypes for Building Space Heating

Pre-Commercial Scale-Up of a Gas-Fired Absorption Heat Pump

Demonstration and Simulation of Gas Heat Pump-
Driven Residential Combination Space and Water Heating System Performance

Modeling Variable Refrigerant Flow Heat Pump and Heat Recovery Equipment in EnergyPlus

Making ENERGY STAR® Water Heaters a National Early Replacement Priority

American Housing Survey

Supplemental Notice of Proposed Rulemaking (SNOPR) 2016. Technical Support 
Document: Residential Furnaces
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EnergyPlus Version 8.9 Documentation: Engineering Reference

Residential Energy Consumption Survey (RECS)

Natural Gas Monthly Report. 

Greenhouse Gases Equivalencies Calculator -
Calculations and References

Building America Housing Simulation Protocols
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